
CALIFORNIA 
ENERGY 
COMMISSION

Public Interest Energy Research Program
Research Development and Demonstration Plan

Attachment II - The Effects of Global Climate 
Change on California Water Resources

April 2003

C
o

n
tr

ac
to

r/
C

o
n

su
lt

an
t 

R
ep

o
rt

P500-03-025FAII

Gray Davis, Governor



CALIFORNIA
ENERGY
COMMISSION

Prepared By:
Ma ur ice  Ro os , C hie f Hyd rolog ist (p ar t-time )
Ca lifor nia  D epa rtmen t o f W ater Res ou rce s

Contract No. 700-99-019

Prepared For:
Guido Franco,
Project Manager

Kelly Birkinshaw,
Program Area Manager

Terry Surles,
Manager
Public Interest Energy Research (PIER) Program

Marwan Masri,
Deputy Director
TECHNOLOGY SYSTEMS DIVISION

Robert L. Therkelsen
Executive Director

DISCLAIMER
This report was prepared as the result of work sponsored by the
California Energy Commission. It does not necessarily represent
the views of the Energy Commission, its employees or the State
of California. The Energy Commission, the State of California, its
employees, contractors and subcontractors make no warrant,
express or implied, and assume no legal liability for the
information in this report; nor does any party represent that the
uses of this information will not infringe upon privately owned
rights. This report has not been approved or disapproved by the
California Energy Commission nor has the California Energy
Commission passed upon the accuracy or adequacy of the
information in this report.



Acknowledgements

• 

• 

• 
• 
• 

• 
• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 

• 
• 



Contents
Executive Summary ..........................................................................................................................i

Roadmap Organization................................................................................................................... iii

Acronyms ........................................................................................................................................iv

1. Issue Statement.............................................................................................................................1

2. Public Interest Vision ...................................................................................................................1

3. Background ..................................................................................................................................2
3.1 Water Resources in California...............................................................................................2
3.2 The PIER Focus ....................................................................................................................9

4. Current Research and Research Needs.........................................................................................9
4.1 Monitoring...........................................................................................................................10
4.2 Water Supply.......................................................................................................................11

4.2.1   Modeling Future Precipitation .................................................................................12
4.2.2   Snow Level Changes and Resulting Runoff Changes .............................................13
4.2.3   Test Operation of CVP-SWP System ......................................................................14
4.2.4   Impact on Reservoir Recreation...............................................................................15
4.2.5   Winter Flood Control Space ....................................................................................16
4.2.6   Groundwater Recharge ............................................................................................17
4.2.7   Offstream Storage ....................................................................................................18
4.2.8   Changes in Radiation ...............................................................................................19
4.2.9   Effect of Climate Change in Other Regions ............................................................19
4.2.10 Better Understanding of Hydrologic Variability .....................................................20

4.3 Loss of Hydro at Foothill Reservoirs ..................................................................................20
4.4 Sea Level Rise .....................................................................................................................21

4.4.1 Catalog Recent Historic Sea Level Trends along the Coast ......................................22
4.4.2 Evaluate the Golden Gate Tide Gage Datum.............................................................22
4.4.3 Effect of Higher Sea Level on Delta Levee Stability.................................................23
4.4.4 Salinity Intrusion........................................................................................................23
4.4.5 Silt Deposition in the Delta........................................................................................24
4.4.6 Catalog of Vulnerability of Coastal Marshes and Wetlands......................................24
4.4.7 Coastal Aquifer Salinity Intrusion .............................................................................25
4.4.8 Grade Line of Sewers and Storm Drains ...................................................................26
4.4.9 Coastal Erosion ..........................................................................................................26

4.5 More Intense Precipitation Events.......................................................................................26
4.5.1 Risk of Bigger Floods and Extreme Precipitation .....................................................26
4.5.2 Revise Depth-Duration-Frequency Data....................................................................27
4.5.3 Bigger Probable Maximum Floods............................................................................29
4.5.4 Erosion Potential........................................................................................................29

4.6 Water Use............................................................................................................................30
4.6.1 Change in Crop Evapotranspiration and Water Requirements ..................................30
4.6.2 Indication of Recent Changes in ET ..........................................................................30
4.6.3 Change in Growing Season........................................................................................31
4.6.4 Effect of Changes in Winter ET on Aquifer Recharge ..............................................31



4.7 Other Items for Research.....................................................................................................32
4.7.1 Water Temperature ....................................................................................................32
4.7.2 Transition Zone Erosion ............................................................................................32
4.7.3 Water Weeds..............................................................................................................33
4.7.4 Increased Smog..........................................................................................................33
4.7.5 Wildfires ....................................................................................................................33
4.7.6 Increased Salinity.......................................................................................................34
4.7.7 Impacts on Drinking Water Treatment ......................................................................35

5. Goals ..........................................................................................................................................35
5.1 Short-term Objectives..........................................................................................................36
5.2 Mid-term Objectives............................................................................................................42
5.3 Long-term Objectives..........................................................................................................42

6. Leveraging R&D Investments....................................................................................................43
6.1 Methods of Leveraging .......................................................................................................43
6.2 Opportunities .......................................................................................................................43

7. Areas Not Addressed by this Roadmap......................................................................................46

8. References ..................................................................................................................................46

9. Relevant Technical Literature Consulted ...................................................................................48

10. Technical Persons Contacted ...................................................................................................53

Appendix A: Current Status of Programs.....................................................................................A-1



Tables

Table 1. California 1995 Water Budget with Existing Facilities and Programs ..............................4

Table 2. Roadmap on Water Resources Research Suggestions .....................................................10

Table 3. Short-term Budget ............................................................................................................41

Figures

Figure 1. Monthly Precipitation Distribution in the Sierra Nevada .................................................3

Figure 2. Typical Example, Reservoir Flood Control Operation .....................................................5

Figure 3. Water Supply and Demand Patterns in Northern California.............................................6

Figure 4. Sacramento River Unimpaired Runoff Since 1906...........................................................8

Figure 5. Depth-Duration-Frequency Curves for Blue Canyon .....................................................28



Executive Summary



Note: An asterisk (*) indicates a high probability that the work can be leveraged with other ongoing efforts. The
figure given is the California Energy Commission’s total projected expenditure to complete each objective (over a
three-year period).



Roadmap Organization



Acronyms



1. Issue Statement

2. Public Interest Vision



3. Background
3.1 Water Resources in California





Average Year Drought Year
Water Use
     Urban   8.8   9.0
     Agricultural 33.8 34.5
     Environmental 36.9 21.2
     Total 79.5 64.7

Supplies
     Surface Water 65.1 43.5
     Groundwater 12.5 15.8
     Recycled and Desalted     .3     .3
     Total 77.9 59.6

Shortage  1.6   5.1





Water Supply and Demand Pattern 
in Northern California
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3.2  The PIER Focus

4. Current Research and Research Needs



Major Task Subtasks
Monitoring • Weather changes

• Hydrologic changes
Water Supply • Modeling future precipitation

• Snow level and runoff changes
• Test operation of CVP-SWP system
• Impact on reservoir recreation
• Winter flood control space
• Groundwater recharge
• Offstream storage
• Changes in radiation
• Climate change in adjacent regions
• More understanding of hydrologic variability

Loss of Hydro at Foothill Reservoirs • Average conditions
• Long base period studies

Sea Level Rise • Catalog trends along coast
• Evaluate Golden Gate tide datum
• Effect on Delta levee stability
• Salinity intrusion
• Silt in the Delta
• Vulnerability of coastal Marshes
• Coastal aquifer salinity intrusion
• Grade line of sewers and storm drains
• Coastal erosion

More Intense Precipitation • Risk of bigger floods and rain events
• Revise depth-duration-frequency data
• Bigger probable maximum floods
• Erosion potential

Water Use • Changes in ET and crop water use
• Recent changes in ET
• Change in growing season
• Effect of changed ET on aquifer recharge
• Increased smog effect

Other Items • Water temperature
• Transition zone erosion
• Water weeds
• Wild fires
• Increased salinity
• Drinking water treatment

4.1 Monitoring



4.2 Water Supply











                                                     
1 An ensemble forecast is a series of equally likely future inflows (for example 10 runoff scenarios) for given
conditions, reflecting the uncertainty of weather forecasts.
2 For more information, contact the comprehensive study staff.
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4.3 Loss of Hydro at Foothill Reservoirs



4.4  Sea Level Rise





                                                     
3 Potential contacts for work in this area would be Dr. Dennis Milbert, Chief Geodesist, National Geodetic Survey,
in Silver Spring, Maryland; Marti Ikehara, California State advisor in Sacramento (office located in Caltrans); and
Dr. Chris Zervas, with the National Oceanic and Atmospheric Administration (NOAA).

There were some interesting reports in 2001 about measuring small changes in ground movement in the Los
Angeles region with this kind of technology, including the effect of groundwater storage and extraction on land
surface elevations in Science News, August 25, 2001, and in Nature magazine and also the USGS earthquake Web
page.



                                                     
5 Principal scientists are 



                                                     
6 Mr. Randall Hanson would be a potential contact.



4.5  More Intense Precipitation Events





Source: DWR records.

                                                     
7 DWR does not seem to have funding for this effort, although another funding entity could jumpstart the process
during the next two years. The estimated cost would be $250,000 for the first year and $150,000 the second year.





4.6  Water Use





4.7  Other Items for Research

                                                     
8 A contact for this work is Russ Yaworsky in the Mid-Pacific Region office in Sacramento.







5.  Goals

                                                     
9 A contact is Dr. Nigel Quinn.



5.1  Short-term Objectives

 

• 

 

• 

                                                     
10 Short-term refers to a 1–3 year time frame; mid-term to 3–10 years; and long-term to 10–20 years. The activities
specified in the roadmap are projected to begin sometime within the designated time frames, and the duration of
actual projects may be less than the entire term specified.
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11 Lesley Ewing is a contact.
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Objective Projected Cost
($000)

   1500*

   500

   600

1,400

1,000

    100*

   200

   500

   300

   600*

   400*

   200*

Total Short-term Cost    7,300
Note: An asterisk (*) indicates a high probability that the work will be leveraged with other ongoing efforts. The
figure given is the California Energy Commission’s total projected expenditure to complete each objective (over a
three-year period).



5.2  Mid-term Objectives

5.3  Long-term Objectives



6.  Leveraging R&D Investments
6.1  Methods of Leveraging
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6.2  Opportunities
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7. Areas Not Addressed by This Roadmap

8. References
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